Abstract: 3-Cyanoamino-1,2-and -2,3-diferrocenylcyclopropenes 6a,b and 11a,b prepared by the reaction of diferrocenylcyclopropenylium salts with sodium cyanamide undergo smooth intramolecular transformations with both conservation of the threemembered ring [affording 3-cyanoimino-1,2-diferrocenylcyclopropene (8)] and its opening [affording Z-3-morpholino-and Z-3-piperidino-3-(cyanoimino)
Introduction
The range of natural compounds comprising cyclopropane or cyclopropene fragments is fairly broad. Many of them are of particular interest due to their peculiar inherent biological activities [1] [2] [3] [4] [5] . In synthetic practice, compounds with a three-membered ring represent both the target products and intermediates in various carbon skeleton transformations [6] [7] [8] . These processes include, as a rule, ring opening reactions [8] into intermediate allylic cations or vinylcarbenes that serve as "building blocks" in organic synthesis. The presence of ferrocenyl substituents in the three-membered ring greatly facilitates these ring opening reactions [9] [10] [11] [12] [13] . This allows the use of ferrocenylcyclopropanes/cyclopropenes prepared by directed synthesis for their subsequent transformation into long-chain conjugated systems [6, 8] and carbo-and heterocycles [14] [15] [16] [17] incorporating iron-containing fragments. The effect of the nature of other functional groups and hetero-substituents on the ease of the three-membered ring opening of ferrocenylcyclopropenes has been but scantily explored. In particular, it has been established that the small ring opening occurs very readily for 2,3-diferrocenyl-1-methylthiocyclopropenes 1a-d [15] [16] [17] [18] [19] . These are formed in the reaction of diferrocenyl(methylthio)cyclopropenylium iodide (2) with active methylene reagents (diethyl malonate, malononitrile, nitroalkanes) and are further converted via 2,3-diferrocenyl-1-methylthiovinylcarbenes 3a-d into diene systems 4a-d with ferrocenyl substituents and terminal functionalities as a result of intramolecular migration of a functional group (Scheme 1).
Scheme 1.
Reaction of diferrocenyl(methylthio)cyclopropenylium iodide (2) with active methylene reagents. Studies on this type of chemical transformations are of undoubted interest for specialists in theoretical, physical and synthetic organic chemistry, as well as to the search for compounds with such valuable properties. In the present work, we report the results of studies on the reactions of sodium cyanamide with diferrocenyl(morpholino)-and -(piperidino)cyclopropenylium tetrafluoroborates 5a,b and diferrocenyl(methylthio)cyclopropenylium iodide (2).
Results and Discussion
The starting diferrocenylcyclopropenylium salts 5a, 5b, and 2 ( Figure 1) were prepared from 2,3-diferrocenyl-cyclopropenone as described earlier [16, 20, 21] . We found that diferrocenyl(morpholino)-and -(piperidino)cyclopropenylium tetrafluoroborates 5a,b) react regioselectively with sodium cyanamide at 20 ºC (Scheme 2) to yield the following reaction products, viz., 6a,b, 7a,b, and 8 in the ratio ~ 1:3:2 (see Experimental section). These compounds were separated by column chromatography on alumina. Eluted first were cyclopropenes 6a (6b). In solid state, they are orange powders that gradually decompose on storage. Their structures were established based on the data from 1 H-and 13 C-NMR spectroscopy and mass spectrometry. Thus, the corresponding 1 H-and 13 C -NMR spectra contain the necessary number of signals for the protons and carbon atoms corresponding to the methylene groups of the morpholine and piperidine substituents and to two ferrocenyl fragments. The 13 C-NMR spectra also contain the signals for the nitrile groups (6a, δ 120.56 ppm; 6b, δ 121.75 ppm), and the 1 H-NMR spectra contain signals at δ = 5.37 and 5.52 ppm, respectively, typical of the -NH group. Eluted next from the column were compounds 7a and 7b as single isomers, judging from their 1 H-NMR spectra. Their structures were established by 1 H-and 13 C-NMR, IR, and UV spectroscopy. The 1 H-NMR spectra of compounds 7a and 7b contain, in addition to the signals for the protons and carbon atoms corresponding to the methylene groups of the morpholine and piperidine substituents and to two ferrocenyl fragments, one singlet each for low-field protons at δ 6.45 ppm (7a) and δ 6.39 ppm (7b), which allowed assigning them tentative structures of 3-morpholino-3-(cyanoimino)-and 3-piperidino-3-(cyanoimino)-1,2-diferrocenylprop-1-enes 7a and 7b, respectively. The structure of compound 7a followed also from X-ray diffraction analysis of a single crystal prepared by crystallization from dichloromethane [22] , which proved its structure as Z-3-morpholino-3-(cyanoimino)-1,2-diferrocenylprop-1-ene. The general view of the molecule 7a is shown in Figure 2a , the packing of molecules in a crystal is shown in Figure 2b , and the main geometrical parameters are given in Table 1 . Data from the X-ray analysis show that the N=C bond in the azadiene is somewhat longer [d = 1.314(3) Å] than the standard value of 1.29 Å [23, 24] . The lengths of C-Fe and C-C bonds in the ferrocenyl substituents are close to the standard values [25] . By analogy, the structure of Z-3-piperidino-3-(cyanoimino)-1,2-diferrocenylprop-1-ene was ascribed to compound 7b.
Eluted last from the chromatographic column was 3-cyanoimino-1,2-diferrocenylcyclopropene (8). It is possibly the pseudoaromatic character of these structures (A↔B) (Scheme 3) that determines this order of elution. Table 1 . Selected bond lengths and bond angles for compounds 7a and 10.
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The cationic part of this structure is cyclopropenylium with the Hückel aromaticity [26, 27] , which makes the contribution of structure B quite important [7] . Spectroscopic characteristics of cyclopropene 8 corroborate its structure.
We also found that the reactions of diferrocenylcyclopropenylium salts 5a (5b) with sodium cyanamide carried out in boiling acetonitrile (10-12 h) afforded compounds 7a (7b) and 8. The same products were formed upon prolonged boiling of cyclopropenes 6a (6b) in acetonitrile (Scheme 4). It thus follows that azadienes 7a (7b) and cyanoiminocyclopropene 8 result from transformations of tetrasubstituted diferrocenylcyclopropenes 6a (6b). A plausible mechanism of the reaction includes initial nucleophilic attack of the cyanamide anion on the C-1 atom of the three-membered ring of cyclopropenylium cations 5a (5b) with formation of 3-cyanoamino-1,2-diferrocenyl-3-morpholino-(or -3-piperidino)cyclopropenes 6a (6b) (Scheme 5). Unlike cyclopropenylium salts 5a (5b), diferrocenyl(methylthio)cyclopropenylium iodide (2) reacts with sodium cyanamide at 20 ºC to yield mainly two products, 10 and 8, and small amounts of cyclopropenes 11a and 11b (Scheme 7). The physicochemical characteristics of compound 8 were identical to those of the product prepared from diferrocenyl(morpholino)-and -(piperidino)cyclopropenylium salts 5a and 5b. The structure of compound 10 was established based on the data from IR, UV, 1 H-and 13 C-NMR spectroscopy and mass spectrometry. The structure of compound 10 was also confirmed by X-ray diffraction analysis of a single crystal prepared by crystallization from chloroform [22] . The perspective view of the molecule 10 is shown in Figure 3a , the crystal packing diagram is shown in Figure 3b , and selected bond lengths and bond angles are listed in Table 1 . According to the data from X-ray analysis, compound 10 is Z-3-cyanoimino-2,3-diferrocenyl-1-methylthioprop-1-ene. The length of the N=C bond in compound 10 [d = 1.303(5) Å] is somewhat longer than the standard value of 1.29 Å [23, 24] .
In our opinion, the fact that the N=C bond in compounds 7a and 10 is longer than the standard value of 1.29 Å is due to the presence of a conjugated system of double bonds in these compounds. In addition, it can be observed from Table 1 that σ-bonds in these compounds are somewhat shorter than the corresponding standard values. We think that the latter observation is also due to the presence of the conjugated system of bonds.
Isomeric 3-cyanoamino(diferrocenyl)cyclopropenes 11a and 11b (yields ~10 and 6%, respectively) are unstable oily products that undergo rapid decomposition on storage under ordinary conditions. Their structures were established based on the data from IR, 1 H-and 13 C-NMR spectroscopy and mass spectrometry. Structures 11a and 11b were assigned to the isomers of methylthiocyclopropenes based on the position of the proton signals of the substituted cyclopentadiene rings in the 1 H NMR spectra. In cyclopropene 11a, all signals for the protons of the C 5 H 4 fragments are present in a lower field than the singlets of the protons of unsubstituted cyclopentadienyl groups. In cyclopropene 11b, the signals for the protons of one of the C 5 H 4 fragments of the ferrocenyl substituent are upfield relative to the signals for the protons of the C 5 H 5 group, which corresponds to the effect of electron-donating MeS-C=C-Fc fragment of the cyclopropene. Obviously, one of the reaction products of iodide 2 with sodium cyanamide, viz., cyanoiminocyclopropene 8, results from intramolecular transformation of cyclopropene 11a (Scheme 8) analogous to that of 3-cyanoamino-1,2-diferrocenyl-3-morpholino-( or -3-piperidino)cyclopropenes 6a (6b) (see Scheme 5) . The other reaction product, compound 10, is formed upon three-membered ring opening [16] [17] [18] [19] in 3-cyanoamino-2,3-diferrocenyl-1-methylthiocyclopropene 11b to vinylcarbene 9c, whose stabilization owing to the proton transfer to the carbine center affords azadiene 10 (Scheme 8). The results obtained demonstrate different effects of the heterosubstituents on the regioselectivities of reactions of morpholino-(or piperidino-) and methylthio-diferrocenylcyclopropenylium salts with the cyanamide anion and on relative stabilities, i.e., proneness to opening of their three-membered rings. The reaction products of salts 5a,b are formed exclusively upon the attack of the cyanamide anion on the C-1 atom of the cyclopropenylium ring. Such a regioselectivity is uncharacteristic of the reaction of the 1-methylthio-analog; at the same time, transformations of tetrasubstituted cyclopropene intermediates 11a and 11b occur much more smoothly.
Further, we observed that 3-cyanoimino-1,2-diferrocenylcyclopropene (8) as a pseudoaromatic compound reacts with hydrazine in boiling ethanol to give two reaction products, viz., compounds 12 and 13 (Scheme 9). The nucleophilic attack of the hydrazine nitrogen atom on the carbon atom of the nitrile group results in 3-amino-6-ferrocenyl-5-ferrocenylmethyl-1,2,4-triazine (12) The nucleophilic attack of hydrazine on the C-1 atom of the three-membered ring in 8B affords product 13 resulting from opening of the small ring in intermediate 17 to vinylcarbene 18 and its subsequent intramolecular transformation; the structure of the final product 13 followed from the spectroscopic data. 
Experimental

General
All the solvents were dried according to the standard procedures and were freshly distilled before use [28] . Column chromatography was carried out on alumina (Brockmann activity III). The 1 H-and 13 C-NMR spectra were recorded on a Unity Inova Varian spectrometer (at 300 and 75 MHz, respectively) for solutions in CDCl 3 , with Me 4 Si as the internal standard; chemical shifts δ are given in ppm. The IR spectra were measured on a Perkin Elmer FT-IR spectrophotometer (Spectrum RXI) using KBr pellets. The mass spectra were obtained on a Varian MAT CH-6 instrument (EI MS, 70 eV). Elementar Analysensysteme LECO CHNS-900 was used for elemental analyses. The unit cell parameters and the X-ray diffraction intensities were recorded on a Siemens P4 diffractometer. The structures of compounds 7a and 10 were solved by the direct method (SHELXS -97 [29] ) and refined using full-matrix least-squares on F 2 .
Synthesis of diferrocenylcyclopropenylium salts (5a, 5b, and 2)
Diferrocenylcyclopropenylium salts 5a, 5b, and 2 were prepared from 2,3-diferrocenylcyclopropenone as described earlier [16, 20, 21 ]: 2,3-diferrocenylcyclopropenone was obtained from the ferrocene and tetrachlorocyclopropene in the presence of AlCl 3 according to the standard procedure [20] ; Ethoxy(diferrocenyl)cyclopropenylium tetrafluoroborate was obtained from 2,3-diferrocenylcyclopropenone in the presence of triethyl-oxonium tetrafluoroborate (1.0 M solution in dichloromethane) [21] ; Morpholinoand piperidino-(differocenyl)cyclopropenylium tetrafluoroborates were obtained from ethoxy(diferrocenyl)-cyclopropenylium tetrafluoroborate and morpholine or piperidine in dichloromethane [21] ; 3-Diferrocenylcyclopropenethione was obtained by treating ethanolic differocenyl(morpholino)-cyclopropenylium tetrafluoroborate with an aqueous solution of NaSH [16] ; 2,3-Diferrocenyl-(methylthio)cyclopropenylium iodide (2) was obtained from the 2,3-diferrocenylcyclopropenethione and iodomethane [16] . Freshly prepared and thoroughly dried tetrafluoroborates 5a,b and iodide 2 were employed in the reactions with sodium hydrogencyanamide. Reactions were carried out in freshly distilled dry solvents.
Reaction of dialkylamino(diferrocenyl)cyclopropenylium tetrafluoroborates with sodium hydrogencyanamide
Sodium hydrogencyanamide (0.64 g, 10 mmol) was added to a solution of 1-amino-2,3-diferrocenylpropenylium tetrafluoroborate 5a, b (5 mmol) in dichloromethane (chloroform, acetone, or acetonitrile) (100 mL), and the mixture was stirred in a dry inert atmosphere at ~20 °C (~24-36 h) or under reflux (14-20 h). The solvents were removed in vacuo, and the residues were chromatographed on alumina (hexane-dichloromethane, 4:1) to give compounds 6a, b, 7a, b and 8. 1115, 1214, 1258, 1286, 1323, 1352, 1381, 1411, 1439, 1494, 1534, 1626, 1864, 2179, 2850 
3-Cyanoamino-1,2-diferrocenyl-3-morpholinocyclopropene
Reaction of 2,3-diferrocenyl-1-methylthiocyclopropenylium iodide (2) with sodium hydrogencyanamide
A solution of compound 2 (2.9 g, 5.0 mmol) in dichloromethane (chloroform, acetone, or acetonitrile) (100 mL) was stirred with sodium hydrogencyanamide (0.64 g, 10 mmol) at ~20 °C (9-12 h) or under reflux for 5 h. Subsequent work-up of the reaction mixtures as described above gave compounds 8, 10 and 11a,b. (8) A solution of the compounds 6a, 6b or 11a (1 mmol) in ethanol (acetonitrile, benzene) (50 mL) was heated at reflux for 6 h and concentrated. The residue was chromatographed on Al 2 O 3 (hexanedichloromethane, 4:1) to give 0.34 -0.36 g (75 -81%) (from 6a), 0.32 -0.34 g (68 -76%) (from 6b) or 0.32 -0.33 g (71 -73%) (from 11a) of compound 8, mp 214-216 °C.
3-Cyanoimino-1,2-diferrocenylcyclopropene
Transformation of 3-cyanamino-2,3-diferrocenyl-1-methylthiocyclopropene (11b) into Z-3-cyanoimino-2,3-diferrocenyl-1-methylthioprop-1-ene (10)
A solution of cyclopropene 11b (1 mmol) in benzene (50 mL) was heated at reflux for 6 h and concentrated. The residue was chromatographed on Al 2 O 3 (hexane -dichloromethane, 4:1) to give 0.39 g (79%) of compound 10, mp 183-184 °C.
Conclusions
3-Cyanoamino-1,2-diferrocenyl-3-morpholino-(piperidino-or methylthio)cyclopropenes 6a,b, 11a undergo smooth intramolecular transformations with conservation of the three-membered ring affording 3-cyanoimino-1,2-diferrocenylcyclopropene (8) . Compounds 6a and 6b also undergo threemembered ring opening giving cyanoaminodiferrocenyl(morpholino)-or -(piperidino)vinylcarbenes 9a (9b) which allows the use of 1,2-diferrocenylpropene fragments in the synthesis of diferrocenylhetero-1,3-diene systems 7a and 7b. 3-Cyanoamino-2,3-diferrocenyl-1-methylthiocyclopropene (11b) is transformed upon three-membered ring opening into Z-3-cyanoimino-2,3-diferrocenyl-1-methylthioprop-1-ene (10). 3-Cyanoimino-1,2-diferrocenylcyclopropene (8) reacts with hydrazine to form 3-amino-6-ferrocenyl-5-ferrocenylmethyl-1,2,4-triazine (12) and Z-2,3-diferrocenylacrylohydrazide-Ncyanoimide (13) as a result of intramolecular transformations of intermediates 14 and 17 with cyclopropene-ring opening. Thus, the reaction of diferrocenylcyclopropene 8 with hydrazine gives rise to aromatic 1,2,4-trizines with amino substituents in the heterocycle. This novel method of synthesis of 1,2,4-aminotrizines, obviously, requires more detailed studies aimed at extension of its potential for the application in organic synthesis.
